This is the fourth in our series of papers discussing the nature of radio-excess galaxies, which have radio emission associated with an active nucleus but which do not fit into the traditional categories of either radio-loud or radio-quiet active galaxies. In this paper, we present optical spectra of our sample of FIR-luminous radio-excess galaxies. Optical emission line ratio diagnostics are used to determine the dominant source of the ionizing radiation. We find that radio excess is an excellent indicator of the presence of an active nucleus. The radio-excess sample contains a much higher fraction of AGN than samples selected on FIR luminosity alone, or using other criteria such as warm FIR colors. Several objects have ambiguous classifications and are likely to be composite objects with mixed excitation. The type of optical spectrum appears to be associated with the radio-loudness: our results suggest that radio-loud objects may be more 'pure' AGN than radio-intermediate objects. We find strong evidence for interaction between the radio plasma and the surrounding gas. Broad, structured optical emission lines are observed and a relative blueshift is measured between the [O III] λ5007 and Hα lines in several sources. Jet energy fluxes are inferred from the [O III] λ5007 luminosities using a shock model for the interaction between the radio jet and the line-emitting gas. The jet energy fluxes of the radioexcess objects are lower than in powerful radio sources, consistent with our previous results. We conclude that the jets of radio-intermediate sources are intrinsically weaker than those in sources with more powerful radio emission. A significant fraction of the sample spectra show post-starburst stellar continuum, with A-star absorption lines. Post-starburst stellar populations are consistent with the large fraction of merging or disturbed host galaxies in the sample. The ages of the radio sources are significantly less than those of A stars indicating that, if the radio sources are associated with merging activity, there is a delay between the interaction and the initiation of the radio activity.
Introduction
Optical emission lines are a characteristic feature of active galaxies. The ionizing source for the optical emission lines seen in AGN is a combina-tion of photoionization by ultraviolet (UV) continuum emission from the nucleus and shock ionization produced by high velocity outflows such as radio jets. In powerful radio galaxies, the optical emission lines reveal the interaction between the radio plasma and the surrounding medium. Detailed studies of individual radio galaxies suggest that the radio and line-emitting regions are spatially coincident and reveal kinematic evidence for shocks and acceleration of the line-emitting material by the jet and overpressured lobes (e.g., van Breugel et al. 1984a,b; Tadhunter 1991; Koekemoer & Bicknell 1998; Villar-Martín et al. 1999; Solórzano-Iñarrea et al. 2001 Koekemoer & Bicknell 2002) .
Studies of samples of radio galaxies have shown that the interaction between the radio plasma and the surrounding medium is related to the radio source size (Best, Röttgering, & Longair 2000 , Best et al. 2002 Inskip et al. 2002b) . These results have shown that radio plasma/cloud interactions dominate the kinematics and ionization of the lineemitting material while the source is young and expanding through the interstellar medium of the host galaxy. In more evolved radio sources, with larger extents, the line-emitting material is predominantly photoionized by the central ultraviolet continuum source, and the kinematics are consistent with gravitational motion in the host galaxy potential. The radio plasma interactions may take the form of direct jet-cloud interactions or interactions with the over-pressured radio lobe.
Powerful compact radio sources that are embedded in the dense inner regions of the host galaxy show evidence for strong interaction between the expanding radio lobes and the interstellar medium. Gelderman & Whittle (1994) discovered broad, complex line profiles in compact-steep spectrum (CSS) sources. A detailed study of three CSS sources found broad emission line widths, complex line profiles, and velocity offsets in the emission line gas surrounding the radio sources (O'Dea et al. 2002 (O'Dea et al. , 2003 . The [O III] λ5007 emission line in two other CSS sources has been shown to be blueshifted by 600 -2000 km s −1 with respect to the systemic velocity of the host and low ionization lines (Holt et al. 2003; Tadhunter et al. 2001) . These studies provide strong evidence for acceleration of the line-emitting gas by powerful radio jets. Some evidence has also been found for interaction between the much weaker radio sources found in Seyfert galaxies and the surrounding medium (Whittle 1992b) .
The radio continuum and [O III] λ5007 line luminosities are found to be correlated in samples of radio galaxies (e.g., Baum & Heckman 1989; Rawlings & Saunders 1991; Tadhunter et al. 1998; Baum & McCarthy 2000) . This suggests either a direct relation between the radio jets and the line emission, or that both are directly related to the luminosity of the central engine. A correlation between the radio power and [O III] λ5007 emission is also seen in Seyfert galaxies (de Bruyn & Wilson 1978; Whittle 1985) . This correlation is separated from the radio galaxy correlation by approximately four orders of magnitude in radio power and this has been used to argue for a dichotomy between radio-loud and radio-quiet AGN (Wilson & Colbert 1995) . The correlation between radio power and [O III] λ5007 luminosity in Seyfert galaxies is most likely due to the relation both have with the properties of central engine, although the physical details of this correlation remain to be elucidated.
In this paper we investigate the optical spectroscopic properties of our sample of 49 FIR-luminous radio-excess galaxies, and the hypothesis that they resemble low-power CSS/GPS sources. The spectroscopic observations and measurements are described in §2. The line ratios and object classifications as well as line widths and equivalent widths are presented in §3. In §4 we discuss the classifications and the [O III] λ5007 luminosities of the radio-excess objects as a function of their radio power. We use models to infer properties of the radio jets from the optical line emission, and discuss the presence of stellar continuum and absorption lines in sample spectra. Our conclusions are presented in §5. For consistency with our previous work, we adopt the cosmological parameters H 0 = 50 km s −1 Mpc −1 and q 0 = 0.5.
Optical spectroscopy
The selection of the radio-excess sample is described in detail in Drake et al. (2003, hereafter Paper I) . Briefly, objects were found by cross-correlating the Parkes-MIT-NRAO 5 GHz radio source catalog (Griffith & Wright 1993; Griffith et al. 1994; Wright et al. 1994; Griffith et al. 1995; Wright et al. 1996) with the IRAS FSC (Moshir et al. 1992) . Objects having more than 5 times as much radio emission as expected from the far-infrared/radio correlation followed by star-forming galaxies and radio-quiet active galaxies were selected to form the radio-excess sample. This criterion corresponds to log [S ν (60 µm)/S ν (4.8 GHz)] < 1.80. The FIR-luminous subsample selected for further study comprises those radio-excess objects with νL ν (60 µm) > 10 11 L ⊙ . This selection is described in Drake et al. (2004a, hereafter Paper II) . The FIR-luminous radio-excess objects were observed with the Double-Beam Spectrograph (DBS) on the Australian National University (ANU) 2.3 m telescope at Siding Spring Observatory. The B300 and R316 gratings were used in the blue and red arms, respectively, giving a spectral resolution of ∼ 5Å. The observations and reduction of the spectra are described in detail in Paper I. The low resolution optical spectra are shown in Appendix A, Figures 14a -m. Some of the objects were observed again with the B600 and R600 gratings of the DBS, at a spectral resolution of ∼2Å. These spectra were reduced by the same method as the lower resolution spectra. Spectrophotometric measurements were performed on the lower resolution spectra using the IRAF data reduction package. The line fluxes and widths of unblended lines were measured by Gaussian fitting using the SPLOT task.
At the resolution of the observations, several emission lines were blended, including Hα with [N II] λ6548, 6584 and [S II] λ6717 with [S II] λ6731. Parameters for these lines were measured by simultaneously fitting multiple Gaussians using the task NGAUSSFIT. This task allows the widths and fluxes of lines of the same species to be fixed relative to each other. Where Hβ was present in both absorption and emission, NGAUSSFIT was used to fit these simultaneously. For eight objects the Hα and Hβ emission was fitted with a broad as well as a narrow component. The line flux in these cases is listed as the sum of the two components but the line ratios were calculated using the narrow component only.
The line fluxes were corrected for reddening following Veilleux & Osterbrock (1987) . The Hα and Hβ lines were used to determine the Balmer decrement, and the Whitford reddening curve was used to determine the reddening (Miller & Mathews 1972 ). An intrinsic flux ratio of Hα/Hβ = 3.1 was assumed for all objects. This value is slightly higher than the Case B Balmer recombination ratio of 2.85 expected for starburst galaxies and is more appropriate for active galaxies (Veilleux & Osterbrock 1987 ), however we note that the object classifications ( §3) are unchanged if an intrinsic Hα/Hβ = 2.85 is used for the reddening correction. The (uncorrected) Hα and Hβ fluxes, along with the derived extinction, are listed in Table 1. The fluxes of other emission lines, corrected for reddening, are listed in Table 2 . Where Hβ is an upper limit, the reddening estimate is a lower limit. Two spectra had no Hα emission line; no reddening was calculated for these spectra.
The line widths were taken to be the full width at half-maximum (FWHM) of the fitted Gaussian. The instrumental broadening was measured by fitting Gaussian profiles to emission lines in sky spectra extracted from the same image as the object spectrum. These were typically ∼ 5.0Å. The instrumental FWHM was subtracted in quadrature from each measured line width to estimate the intrinsic line width. These are listed in Table 3. Equivalent widths of the emission lines were derived from the fitted Gaussian profiles using the SPLOT task. The equivalent width of the [O III] λ5007 emission line for each spectrum is listed in Table 4 .
Results
Reddening-corrected narrow-line ratios were derived and plotted on three Veilleux & Osterbrock (1987) diagnostic diagrams to determine the nature of the line-emitting region (see Figure 1) . The theoretical scheme of Kewley et al. (2001) was used to classify the galaxies into starbursts (SB), Seyferts (Sy), and low-ionization narrow emission-line region (LINER) galaxies. This scheme has been shown to give similar results to the semi-empirical scheme of Veilleux & Osterbrock (1987) , but with fewer ambiguous classifications (Kewley et al. 2001; Corbett et al. 2003) . Objects below and to the left of the maximum starburst (solid ) line on each diagram are classified as SB. Objects above this line and to the left of an extreme mixing line (solid line) are classified as Sy. The mixing line indicates the locus of objects with a maximum starburst combined with 0 -100% contribution by an AGN component. Objects above the maximum starburst line and to the right of the extreme mixing line are classed as LINERs. Objects were classified by their location in the three diagnostic diagrams. In most cases the three classifications agreed and a final type was assigned to the object. Objects for which the three classifications did not agree are described as ambiguous. The classifications and assigned types are listed in Table 5 .
The diagnostic diagrams (Figure 1 ) reveal that the majority of the objects have Seyfert spectra. We find 27 galaxies with Seyfert spectra (75%) and one galaxy with a starburst spectrum (3%). No objects were unambiguously classified as LINERs. The remaining eight objects (22%) had ambiguous classifications. Of these, five were Sy/LINER, one was SB/LINER and one was Sy/SB/LINER. The Seyfert galaxies were further divided into broadand narrow-line objects (Seyfert types 1 and 2) based on the Hα line widths (Table 3) . Seyferts with FWHM Hα > 2000 km s −1 were classified as Sy 1 and objects with narrower Hα emission lines as Sy 2.
We extracted fixed-size apertures for all sample objects. Veilleux (2002) noted that aperture effects can cause line ratios to move towards the starburst region of the diagram, when the same sized aperture is used for objects of different redshifts. This occurs because the corresponding linear aperture is larger for higher redshift objects and starburst regions often surround the nucleus. The potential contamination from any circumnuclear starburst increases with redshift. The extracted apertures (12 pixels ∼ 10 ′′ ) correspond to scales of ∼ 10 -70 kpc at the redshifts of our objects. However we see no evidence that objects with higher redshifts lie closer to the starburst region than lower redshift objects.
Discussion

Classifications
Classifying objects based on the diagnostic diagrams, we find the majority of objects in the sample (75%) are AGN. Using the theoretical scheme of Kewley et al. (2001) , we find that 56% of the objects are Seyfert type 2 and 19% are Seyfert type 1 (FWHM Hα > 2000 km s −1 ). Only one object is classified as a starburst and no object is classified as a LINER. Classifications for eight objects (22%) were ambiguous. These objects are discussed further below.
We find a higher fraction of AGN than in samples of objects selected on FIR luminosity alone, which are dominated by radio-quiet objects at IRAS flux densities. This confirms that the radioexcess criterion selects AGN (see Paper I). Studies with other selection criteria, aimed at selecting AGN, have also found a higher fraction of AGN, though none of these contain as high a fraction as found in our sample. For example, de Grijp et al. (1992) selected IR galaxies with warm FIR colors and found 22% Seyfert 1, 39% Seyfert 2 galaxies and 37% starburst galaxies. Samples selected only on FIR luminosity find lower fractions of AGN and higher fractions of starburst and LINER galaxies. In their sample of luminous infrared galaxies, Veilleux et al. (1995) found 12% of their objects were Seyfert 2 and only 2% were Seyfert 1, while 59% of the sample were SB and 27% were LINER galaxies. Kewley et al. (2001) found a similarly low fraction of AGN and high fraction of starbursts in their sample of largely radio-quiet IR-luminous galaxies. They find only 0.4% of LINERs in their sample. Some of this difference may also be attributable to different classification methods, especially for the LINERs. Veilleux et al. (1995) use the criterion log [O III]/Hβ ≤ 3 to classify LINERs, while Kewley et al. (2001) use the criteria we adopted. Kewley et al. (2001) note that 6% of galaxies in their sample are classified as LINERs using the criteria of Veilleux et al. (1995) . We find that five objects with ambiguous classifications and one object classified as a Seyfert, in total 12% of our sample, have log [O III]/Hβ ≤ 3. Figure 2 shows the diagnostic diagrams with symbols indicating the level of radio-excess of the object. Following Paper I, we have divided the sample into radio-intermediate (0.0 < u < 1.80) and radio-loud (u < 0.0) objects, where the radio-excess parameter u = log [S ν (60 µm)/ S ν (4.8 GHz)]. There is a clear tendency for the radio-loud objects (open circles) to be higher up the mixing line derived by Kewley et al. (2001) and so exhibit a higher percentage of pure AGN excitation than the radio-intermediate objects.
The Kaplan-Meier estimator shows the means of the log [O III]/Hβ for the radio-intermediate and radio-loud objects to be 0.78±0.07 and 1.05±0.07, respectively. However, two-sample Gehan and logrank tests using survival analysis methods to account for lower limits indicate differences in log [O III]/Hβ between the radio-intermediate and radio-loud objects with significance levels of only ∼10%. A larger sample is required to investigate properly the relation between the radio loudness and the properties of the optical spectrum. The radio-intermediate objects are less powerful AGN in both the radio and the optical, compared with the radio-loud objects, so it may be that the radiointermediate objects have a composite excitation containing a higher fraction of starburst contribution.
One object is classified as starburst on the diagnostic diagrams. This object, F21139-6613, falls quite close to the maximum starburst line in Figure 1 , within the uncertainties, in two of the three diagrams. It has a modest radio excess (u = 1.2) and high FIR luminosity (log νL ν (60 µm) = 11.7 L ⊙ ). It has the highest extinction of any object in the sample, with E(B-V) = 3.1. It is therefore likely to be a composite starburst-AGN in which the AGN is highly reddened and consequently obscured at optical wavelengths.
Several of the ambiguous classifications can be redefined as borderline rather than ambiguous, as the objects lie very close to the borders between regions in one or more diagrams. The eight objects with ambiguous classifications tend to have large uncertainties in their line ratios. These objects may also be composite starburst/AGN in which nuclear activity is either weak or highly obscured. Figure 3 shows the FIR color-color diagram for the objects with measured IRAS 25 µm and 12 µm fluxes (Paper I). While the majority of objects with unambiguous classifications do not have measured IRAS fluxes in these bands, the few objects that can be plotted are mostly Seyferts that fall along the reddening line . Thus the optical diagnostics and FIR colors of these objects agree, suggesting that these are highly reddened Seyfert galaxies. The location of the three ambiguous objects on this diagram is consistent with these being composite and/or highly obscured objects.
Jet/ISM Interaction
Most of the FIR-luminous radio-excess objects show broad [O III] λ5007 line widths. The distribution of measured line widths for our objects, corrected for instrumental broadening, are shown in Figure 4 (top panel ). Data from the literature for other objects are shown for comparison. The line widths of the FIR-luminous radioexcess galaxies cover a broad range of velocities from as narrow as ∼ 250 km s −1 to almost 2000 km s −1 . The line widths are broader than typical galaxian rotation, suggesting that there is strong interaction between the radio source and the line-emitting gas in the radio-excess objects. The line widths are similar to CSS sources and broader than observed in extended radio galaxies and Seyferts with linear radio sources.
Broad line widths have been observed in powerful compact radio sources and interpreted to indicate strong interaction between the radio jet and the host ISM (e.g., Gelderman & Whittle 1994; O'Dea et al. 2002 O'Dea et al. , 2003 . Whittle (1992b) has shown that the line widths of radio-quiet Seyfert galaxies correlate with the rotational velocity of the galaxy, and that Seyfert galaxies with linear radio sources have broader line widths. The kinematics of the narrow-line region in radio-quiet galaxies therefore seems to be dominated by the galaxy potential. The cited work indicates that in those objects with linear radio sources, the interaction of the radio plasma with the line-emitting material accelerates the gas and produces broader line widths. In the case of powerful radio galaxies, the line widths are not as broad as in CSS sources because the radio jets do not interact as strongly with the gas in the narrow-line region. The powerful radio galaxies show similar line widths to the Seyfert galaxies. However, all except one of the high-redshift radio galaxies (z > 0.6; filled histogram, middle panel ) fall at the upper end of the distribution, with the broadest line widths. Baum & McCarthy (2000) note this difference between the low-and high-redshift objects in their sample. If broad line widths in these objects are attributable to interaction between the radio source and the surrounding gas, the increase in line width with redshift can be interpreted as an increase in strength of the interaction with radio power. Alternatively, Baum & McCarthy (2000) argue that if the broad line widths are associated with larger gravitational potentials, the increase in line width with redshift indicates that the environment of radio galaxies changes with redshift. Thus part of the correlation may simply be an environmental effect. Recent studies suggest that both effects are operating; radio sources interact more strongly with the environment when they are small and expanding into the dense host galaxy medium, and more extreme kinematics are observed at higher redshift as a result of different environments (Best et al. 2000 (Best et al. , 2002 Inskip et al. 2002a,b) .
ULIRG Seyferts show a large range of line widths, some as broad as those in our sample. Little is known about the radio properties of these objects, but at least four are known to be radioexcess objects, including two objects that are also present in our sample. These four objects all have broad line widths ( Figure 4 ; filled histogram, bottom panel ). The ULIRG Seyferts would seem to comprise both radio-quiet objects in which the [O III] λ5007 line width reflects the galaxian rotation, and radio-excess objects, in which there is additional acceleration of the line-emitting material by the radio plasma. We do not detect any correlation of the [O III] λ5007 line width with the radio power (Figure 5) . This is consistent with the similar line widths seen between the radio-excess galaxies and the more powerful CSS/GPS sources and suggests that the radio power is not the dominant factor determining the amount of line broadening. Other factors, such as the amount of gas in the narrowline region, may be more important.
We find further evidence for acceleration of the line-emitting material in some objects. In six galaxies we detect a blueshift between the [O III] λ5007 and Hα emission lines. These are shown in Figure 6 . Blueshifts between forbidden and permitted lines have previously been observed in two objects in our sample that have compact powerful radio sources, including F15494-7905, shown in Figure 6 (Holt et al. 2003; . They have been interpreted as evidence for outflows, where the permitted lines are at the systemic velocity of the galaxy and the forbidden lines are produced in gas that is being accelerated and shock-excited by the radio jet or expanding lobe. The objects with blueshifts all have broad [O III] λ5007 line widths, but they have radio powers and radio excesses covering the full range in the sample. Thus, such outflows are not associated exclusively with objects having high radio powers. Complex line profiles are also seen in some objects. Figure 7 shows the [O III] λ5007 profiles of two objects observed at higher resolution. Complex line profiles have been observed in powerful radio sources and Seyfert galaxies with linear radio sources and indicate that the radio jet that is accelerating the surrounding material produces complex kinematics in the line-emitting regions (Gelderman & Whittle 1994; Whittle 1992b ).
Jet Energy Fluxes
The radio-excess objects were selected in such a way that they include many objects that lie between radio-loud and radio-quiet objects in their radio/FIR flux density ratios. We find that many of these are also intermediate in their ratio of radio to [O III] λ5007 line luminosity. Figure 8 shows the distributions of this ratio for the FIR-luminous radio-excess sample and radio-loud together with radio-quiet objects from the literature for comparison. The radio-excess objects fall between powerful radio sources and Seyfert galaxies in their ratio of [O III] λ5007 luminosity to radio power, filling the gap between the distributions of the radio-loud and radio-quiet objects.
We find that the radio-excess galaxies have [O III] λ5007 emission lines as luminous as those in powerful radio sources, but that they lie between radio-loud objects and radio-quiet objects on the L [OIII] -P 4.8 GHz diagram. Figure 9 shows the [O III] λ5007 emission line luminosity relative to the radio power for the radio-excess sample and the comparison radio-quiet and radio-loud objects. Independent correlations have been observed between the radio power and [O III] λ5007 luminosity in radio-quiet (de Bruyn & Wilson 1978; Whittle 1985) and radio-loud sources (Baum & Heckman 1989; Rawlings & Saunders 1991; Tadhunter et al. 1998; Baum & McCarthy 2000) . Two hypotheses to explain these correlations have been investigated: photoionization by a central UV continuum source, or shock ionization by the radio jets. Evidence for both has been found. Baum & McCarthy (2000) found that the emission-line luminosities in their sample of 52 3CR radio galaxies were proportional to the nuclear UV continuum flux densities, suggesting that photoionization is the dominant ionization mechanism. However, their results did not exclude ionization by shocks. Several detailed studies of individual objects have found morphological similarities between radio and line-emitting regions and kinematic evidence for shocks (e.g., van Breugel et al. 1984a,b; Tadhunter 1991; Koekemoer & Bicknell 1998; Villar-Martín et al. 1999; Solórzano-Iñarrea et al. 2001 Koekemoer & Bicknell 2002) . The alignment of line-emitting regions with the axis of the radio jet in high-redshift radio galaxies has been interpreted as evidence for an anisotropic UV source and for shock-induced continuum by the radio jet (Baum & McCarthy 2000; Best et al. 1999) . Given that there is evidence for both mechanisms, it is likely that the observed emission results from a combination of photoionization and shock ionization. A number of studies have shown that shock ionization is more important in smaller radio sources, confined within the optical extent of the host galaxy, while the emission-line regions in larger sources are predominantly photoionized (Best et al. 1999 (Best et al. , 2002 Inskip et al. 2002a,b) . The broad line widths in CSS sources support the hypothesis that the radio jet produces radiative shocks in a dense interstellar medium (Gelderman & Whittle 1994) . Thus in the compact radio-excess objects, we expect shocks to play a large role in producing the optical line emission. However, in radio-quiet Seyfert galaxies that have no radio jets the optical line emission is likely to be predominantly photoionized by ultraviolet photons from the active nucleus. The [O III] λ5007 emission in the radio-excess objects may therefore include a significant photoionized component. In some objects, which have strong stellar continuum, there may also be a contribution associated with star formation. The lack of any trend of [O III] λ5007 line width with radio power ( Figure  5 ) suggests that a combination of ionization mechanisms is operating. The line width is bounded at the lower limit by the gravitational motions of the galaxy, and at the upper limit by the condition that the shocks are radiative. The distribution of points in Figure 5 indicates that most objects are of mixed excitation.
The radio and optical line emission of compact radio sources have been modeled by Bicknell, Dopita, & O'Dea (1997) . The model describes the evolution of a jet-fed radio lobe as it expands into the dense interstellar medium. In the Bicknell et al. model the total shock luminosity is equated to the rate of work done on the surrounding medium by the expansion of the lobe. This leads to the following relation between the [O III] λ5007 luminosity, L [O III] λ5007 , and the jet energy flux, F E .
where the density of the surrounding medium varies as R −δ , R being the distance from the nucleus. We assume δ = 1.5. This relation underestimates the jet energy flux if the medium is clumpy. In the case of GPS and CSS sources, the expansion speeds ∼ 0.1 − 0.4 c of the radio plasma indicate that the filling factor of dense clouds in the interstellar medium is relatively low (Conway 2002; Murgia et al. 1999; Parma et al. 1999; Murgia et al. 2002; Murgia 2003; Owsianik & Conway 1998; Owsianik, Conway, & Polatidis 1999) . However, in the case of our radio-excess objects, which show evidence of more recent interaction or merging activity, the medium may not be as clumped. This is consistent with the modest radio lobe expansion velocities ( 0.01 c) inferred in Drake et al. (2004b, hereafter Paper III) , and we comment further on this below. We assume that the optical line emission in the radio-excess objects is predominantly shock-excited, and thus this model may be used to infer the radio jet energy flux from the [O III] λ5007 luminosity. If there is a significant contribution from photoionization or star formation, the derived properties of the radio jets are overestimates. The [O III] λ5007 luminosities and the jet energy fluxes, derived from Equation 1, are listed in Table 6 . The jet energy fluxes are lower than for powerful radio sources, consistent with the results of Paper III, where we estimated jet energy fluxes from the radio spectral energy distributions of several radio-excess sources. Objects with the highest radio powers also have the highest [O III] λ5007 luminosities. Thus the radio-loud objects (those with u < 0) have the highest jet energy fluxes, and objects with more moderate radio excesses tend to have lower jet energy fluxes.
Let us examine these estimates for the energy flux in the light of the velocity estimates of Paper III. Using equation (2.10) and (2.12) of Bicknell, Dopita, & O'Dea (1997) , the velocity of expansion of a radio lobe of size x h in a smooth medium with Hydrogen number density, n H is given by:
where ζ ≃ 2, and F E,45 is the jet energy flux in units of 10 45 erg s −1 . Thus, the expansion velocities estimated in Paper III are consistent with F E,45 /n H (kpc) ∼ 1. In view of our energy flux estimates, this implies that n H (kpc) ∼ 1; for a temperature ∼ 10 7 , the corresponding p/k ∼ 10 7 .
The energy fluxes in our radio-excess objects are much less than that in GPS and CSS sources (Bicknell, Saxton, & Sutherland 2003) , yet the [O III] fluxes are similar. Figure 8 shows the distribution of [O III] λ 5007 luminosity to radio luminosity and it is clear that this parameter is systematically higher for the radio excess objects compared to GPS and CSS sources. This requires comment. There are two important effects to take into account: (1) The lower expansion velocities of radio-excess objects mean that it is easier for the shocks to be radiative in the sense that the radiative timescale should be less than the dynamical time scale. (See O'Dea 1997 and Bicknell, Saxton, & Sutherland 2003 for discussions of this point.) (2) The covering factor of dense clouds may be larger, consistent with our assumption of a medium with a higher filling factor.
Continuum Emission
A number of objects show strong continuum as well as emission lines in their spectra. In the case of a few, with broad emission lines, the continuum is likely to be associated with the central nucleus. However other objects show strong stellar continuum and absorption lines that indicate the nature of the dominant stellar population in the host galaxy. A substantial fraction of the sample spectra show absorption indicative of an intermediate age stellar population. Sixteen objects (33%) show Hβ, or Hγ, Hδ, and Hǫ absorption. The stellar continuum and absorption in these objects are typical of A type stars. Objects with this type of optical spectrum have previously been described as post-starburst AGN (Dey & van Breugel 1994) . They are composite objects that are believed to have undergone a starburst within the past ∼ 10 8 years, and that are now dominated by an intermediate-age stellar population and an active nucleus. A further 13 objects in the sample (27%) show redder stellar continuum and absorption typical of elliptical galaxies. These objects resemble normal radio-loud objects for which the AGN host galaxies are luminous elliptical galaxies. Figure  10 shows that the objects with minimal stellar continuum all have high equivalent widths and luminous [O III] λ5007 emission. In contrast, the objects with A-star stellar continuum have low to moderate [O III] λ5007 equivalent widths and luminosities. Objects with an older stellar population, typical of elliptical galaxies, have intermediate equivalent widths and luminosities.
The distribution of points on this diagram may indicate that there are different types of objects in the sample; post-starburst galaxies and ellipticals with higher intrinsic luminosities. Alternatively, it may reflect different ages of objects in the sample, indicating an aging sequence from post-starburst galaxy to evolved elliptical to AGN. In the first case, we would expect the different types of object to have different host morphologies. In the second case, we would expect the morphological type of the host galaxy to be unrelated to the location of each object in Figure 10 . We show in Figure 11 the [O III] λ5007 equivalent widths and luminosities plotted with different symbols indicating the host morphological type determined in Paper II. Morphological types determined by surface-brightness fitting were disks (open circles) and ellipticals/bulges (filled squares), point sources (star ), and undetermined (x's). There is a clear separation of the points, with disk hosts having low equivalent widths and luminosities and elliptical hosts having high equivalent widths and luminosities. This confirms the result found in Paper II that there are different types of object in the FIR-luminous radio-excess sample. Taken together, Figures 10 and 11 suggest that disk hosts have post-starburst type spectra, while elliptical hosts have an older stellar population or no stellar continuum. However, we do not find a clear relation between the continuum type and the host type. The stellar continuum type is probably more fundamentally related to the weakness of the ac-tive nucleus. The objects that show strong stellar absorption also show more dominant starburst activity in their optical spectra. Figure 12 shows the diagnostic diagrams, with the same symbols as in Figure 10 showing the objects with A-star stellar continuum, older stellar continuum, and minimal stellar continuum in their spectra. The post-starburst objects tend to cluster around the maximum starburst and mixing lines and have ambiguous or borderline classifications. The objects with older stellar continuum or no stellar continuum tend to fall higher in the diagnostic diagrams, indicating a more dominant AGN. Figure 13 shows the same equivalent width -luminosity diagram as Figures 10 and 11, with data for CSS sources from Gelderman & Whittle (1994) plotted for comparison. The FIR-luminous radioexcess and CSS samples follow the same trend of [O III] λ5007 equivalent width versus luminosity. We suggest that the four CSS objects in the lower left part of the diagram are likely to be poststarburst AGN. Examination of the spectra presented in Gelderman & Whittle (1994) 
The Nature of Radio-Excess IRAS Galaxies
Radio-excess galaxies have been identified in small numbers by previous authors but, prior to this work, have not previously been studied as a class. Our multi-wavelength study has shown that these objects are more common than generally believed and that the radio excess is an excellent indicator of the presence of an active nucleus. Most of the FIR-luminous radio-excess objects have compact radio sources, as shown by our radio observations (Paper III). Sixty-five percent of the radio sources are less than 10 kpc in size and have radio sizes an order of magnitude smaller than the optical extent. The more extended objects are classical radio galaxies but the compact radio sources appear to be a different population of objects.
The compact FIR-luminous radio-excess galaxies have steep radio spectra indicative of optically thin synchrotron emission, but radio powers in between those of traditional Seyfert and CSS/GPS sources. Modeling of the radio data suggests that the radio sources have ages 10 4 -10 6 years (Paper III), placing them among the young radio sources. Synchrotron and jet models used to interpret the radio and optical data show that the radio jets in the radio-excess galaxies are intrinsically less powerful than radio sources such as CSS/GPS sources. This suggests that the intrinsic jet energy flux is the dominant factor determining the weaker radio power in the radio-intermediate sources. We interpret the high ratios of [O III] λ5007 luminosity to radio power in the radio-excess objects to be a result of slower, more luminous shocks in the radio-excess sources than in more powerful radio sources. This is supported by the derived expansion velocities (< 0.01c), which are significantly less than those observed in CSS/GPS sources. The FIR-luminous radio-excess objects also show evidence for strong interaction between the radio jet and the interstellar medium. Properties of the optical emission lines indicate the effect of the jet and expanding radio lobe on the kinematics of the line-emitting region. Two representative radio-excess sources observed with VLBI imaging, F11243-2244 and F23400-8705, have kiloparsecscale lobes. Their morphologies are not similar to the symmetric doubles seen among the classes of CSS/GPS sources and suggest that the weaker radio jets are disrupted by interaction with the interstellar medium. The compact radio-excess sources are not likely to evolve into classical radio galaxies. Although we showed in Paper II that the host galaxies are more like those of FR II radio galaxies than FR Is, the radio powers are expected to decrease as the objects evolve, so that, if they were to expand to sizes of hundreds of kiloparsecs, the radio-excess objects would be unlikely to have FR II radio powers.
The radio-intermediate sources may be confined by the host interstellar medium; further work is required to determine if this is likely. An H I absorption study would allow us to estimate the gas masses in the radio-excess galaxies and determine if this is sufficient to confine the radio plasma.
The radio emission may be a transient phenomenon, perhaps associated with additional fueling to the black hole accretion disk in the nucleus. The FIR-luminous radio-excess objects may then fade to become radio-quiet galaxies. This would be consistent with the large fraction of mergers in the sample. The optical morphologies of the host galaxies of the sample objects include a large fraction of merging or disturbed galaxies (Paper II). The post-starburst continuum spectra observed in one third of the sample provide further evidence that many of the hosts have undergone interactions. The dynamical timescale for merging activity and the age of the A-star population responsible for the post-starburst spectrum are both ∼ 10 8 years. The radio sources are at least two orders of magnitude younger than this. Therefore, if the radio activity is associated with the tidal interaction, then there must be a delay between the interaction and the initiation of radio activity.
There may be some influence of the host type on the radio power; radio sources with large radio excesses are not found in disk host galaxies (Paper II). Model-fitting of host surface brightness profiles suggests that there are two populations of host galaxy in the FIR-luminous radio-excess sample: disk and elliptical systems, with different host luminosities and radio excess distributions (Paper II). The disk systems have low radio excesses and host luminosities, while the elliptical hosts have a broad range of radio excesses and high optical luminosities. This result suggests that an elliptical host is necessary but not sufficient for a galaxy to host a radio-loud nucleus. However, the presence of both disk and elliptical galaxies together with the presence of objects in our sample that lie between radio-loud and radio-quiet objects in their radio/far-infrared and radio/[O III] λ5007 luminosity ratios shows that the classic dichotomy between radio-loud and radio-quiet galaxies, at the very least needs to be modified. The compact radio-intermediate objects that appear in our sample are AGN with relatively weak radio activity and a range of host morphologies, that fill the gap between powerful CSS/GPS sources and radio-quiet Seyfert galaxies.
Conclusions
Analysis of the optical spectra of our sample of FIR-luminous radio-excess galaxies confirms that radio-excess is an extraordinarily good indicator of the presence of an AGN. We find a much higher fraction of AGN than samples selected on FIR luminosity alone, or using other criteria such as warm FIR colors. We find several ambiguous or borderline objects in the sample. These are likely to be composite objects that comprise starbursts which also host an AGN. There is some indication that the type of optical spectrum is associated with the radio-loudness, in that the radio-loud objects appear to be more 'pure' AGN than radiointermediate objects. They may be more powerful AGN, though they still appear to be highly obscured.
In the [O III] λ5007 luminosity versus radio power diagram, the objects fall between the known correlations observed for radio galaxies and Seyferts. We interpret this in the context of shock models describing the interaction of the jet with the surrounding medium and infer that radiointermediate objects generally have lower jet powers than more powerful radio sources. From our understanding that the jet powers of radio-excess objects are intrinsically lower than in CSS/GPS sources (Paper III), we infer that the radio-excess objects are equally luminous in [O III] λ5007 because the covering factor of dense gas is larger. This is supported by the lower expansion velocities inferred for the radio-excess objects (Paper III).
Despite the lower jet powers, the FIR-luminous radio-excess galaxies show clear evidence for strong interaction between the radio jet and the interstellar medium. Broad [O III] λ5007 line widths indicate acceleration of the line-emitting material by the radio source. A blueshift is observed between the [O III] λ5007 and Hα emission lines in several sources. Line profiles of two objects observed at higher spectral resolution show complex structure. These further suggest that the kinematics of the line-emitting material is strongly influenced by the radio source.
We find that 33% of the sample spectra show post-starburst stellar continuum, with A-star absorption lines. A further 13% show old, red stellar continuum and absorption typical of elliptical galaxies. The objects with post-starburst spectra appear to have weaker AGN; they have low [O III] λ5007 luminosities and equivalent widths, and lie closer to the starburst line in diagnostic diagrams. The objects with older stellar continuum show intermediate [O III] λ5007 luminosities and equivalent widths, and lie more clearly in the region of diagnostic diagrams occupied by Seyfert galaxies. Objects with minimal stellar continuum have high luminosities and equivalent widths, and also occupy the Seyfert region of the diagnostic diagrams. The optical emission from these objects is clearly dominated by the active nucleus.
The presence of post-starburst AGN in the sample is consistent with the large number of merging or disturbed host galaxies found in the sample (Paper II). If the radio sources are associated with the merging activity, there must be a delay between the interaction and the initiation of the radio activity. The A-star spectra indicate ages of ∼ 10 8 years for the dominant stellar population, consistent with the dynamical timescales involved in mergers (Barnes & Hernquist 1996) . The ages of the radio sources are likely to be at least two orders of magnitude younger than this.
Combining the understanding we have gleaned from our multi-wavelength study, we find that the radio-intermediate objects span a range of properties between those of powerful radio sources, such as CSS/GPS sources, and radio-quiet Seyfert galaxies. It remains unclear whether the radiointermediate objects reveal a continuum of radioloudness in AGN or indicate that the distributions of radio-loud and radio-quiet AGN overlap. The compact radio-intermediate objects in the FIRluminous radio-excess sample appear to be a new population of relatively young radio sources that will not evolve into classical radio galaxies, but which are more powerful than typical radio-quiet Seyferts. Further observations are required to determine if the radio plasma is confined by the host interstellar medium.
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A. Optical Spectra of FIR-Luminous Radio-Excess Objects
Here we show the low-resolution optical spectra discussed in Section 2 (Fig. 14) .
Fig. 14.-Optical spectra of the FIR-luminous radio-excess IRAS galaxies. Spectra have been converted to restframe. The vertical axis is F λ in units of erg s −1 cm −2Å−1 .
